Introduction
The durability and applicability of material is decided by its surface properties. To achieve superior performance, physical or chemical modification of surfaces is inevitable. Surface modifications have been largely used as a benchmark for various applications so as to enhance properties and advanced functionalities of materials [1] . Ni-P electroless deposition has been considered a vital surface engineering technology with multifunctional industrial applications. Embedding composite nanoparticles in electroless deposited Ni-P is a convenient strategy of attaining optimal deposition and enhanced performance characteristics M A N U S C R I P T
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deposits of low porosity [6] . The particulate content in Ni-P matrix and the properties incorporated in the composite deposits are functions of the shape, size, type of particle and plating bath conditions such as pH, stirring rate and temperature [7] [8] [9] . Electroless Ni coating, unlike electrodeposition, is an autocatalytic reaction where electricity or passage of current through the plating solution is not required for homogeneous deposition [10, 11] . Good dispersion of particles can be achieved by maintaining the particles suspension in the solution via vigorous agitation. However, it is quite difficult to achieve adequate suspension of particles because of the large surface area. The high surface energy results in the agglomeration of particles during the coating process, although some other factors might lower the agglomeration tendency [12, 13] .
More so, the choice of the embedded nanocomposite particles in Ni-P electroless coating is significant. The inherent properties of the particles are important factors that must be put into consideration. The notable improvement in properties has been recorded by several investigators having co-deposited particles such as Al 2 O 3 , SiO 2 , SiC and MoS 2 in binary Ni-P alloy [14] . Improvement in properties of Ni-P electroless coatings has widened its application. This present work investigates the effect of incorporation of MnO2 particles and MnO2 concentration on the anti-corrosion properties of Ni-P and Ni-P-MnO2 on mild steel in 3.5 % NaCl solution via linear potentiodynamic polarization techniques. The microhardness of the samples was determined using Vickers hardness techniques. SEM was used to investigate the morphology of the samples. The coated steel can be utilized in various applications such as aerospace, automotive and marine.
Experimental Procedure

Sample Preparation
Mild steel and all the chemicals used for this experiment were purchased in South Africa. The mild steel was cut into coupon of dimension 40 mm x 40 mm x2 mm and 99.9 % Nickel plate of 50 mm x 40 mm x 10 mm. Table 1 
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Coating Bath Preparation
Four different baths were prepared varying the mass composition of MnO 2 . All reagents and particulates were dissolved in deionized water and left for 48 hours maintaining a pH value of 5.5. The bath was heated to 85 o C and stirred using magnetic stirrer for better dissolution. The
Composition of the bath prepared is shown in Table 2 . 
Electroless Plating of Ni-P and Ni-P-MnO 2
The bath prepared was continuously stirred at 250 rpm and a constant temperature of 85 o C during the deposition process to achieve suspension stability and minimize agglomeration of particles. Minimal agglomeration improves the electrophoresis mobility of the bath solution [15] . Stirring of the bath keeps the particles of Ni-P and Ni-P-MnO 2 suspended in the electrolyte bath and more so enables the mass transportation of the particles to the steel surface. Continuous agitation enhances the quantity of deposition of the particles on the steel surface. However, excessive agitation could affect electrodes stability; alter the transfer M A N U S C R I P T
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region of the charges which might consequently lead to low-quality deposit on the steel surface [16] . During the electroless deposition process, the mild steel (cathode) was placed equidistance between two Ni plates. The distance between the steel (cathode) and Ni (anodes) 
Mechanism of Electroless Ni-P Deposition Reaction
The electroless Ni-P deposition reaction mechanisms are yet to be well understood [17] .
However, there are two widely acceptable reaction mechanisms [18] . The mechanisms are ''Electrochemical mechanism' and ''Atomic hydrogen mechanism''. The electrochemical mechanism involves the catalytic oxidation of the hypophosphite to produce electrons at the catalytic surface which consequently minimises nickel and hydrogen ion as shown below:
The ''Atomic hydrogen mechanism'' involves the release of atomic hydrogen because the product of the catalytic hydrogenation of hypophosphite molecule adsorb at the surface as shown below; 
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Linear Potentiodynamic Polarization Test
The electrochemical test was carried out using the three-electrode cell in a 3.5 % NaCl solution. The corrosion behaviour of the samples was examined at a room temperature of 25 oC with the aid of the three-electrode cell. The graphite rod acted as the contact electrode, Ag/AgCl as the reference electrode and mild steel was the working electrode. Tafel curves were obtained from −2.5 V to 0.5 V at 0.005 m/s scan rate.
Results and Discussion
Potentiodynamic Polarization Test
Potentiodynamic polarization experiment carried out on Ni-P and Ni-P-MnO 2 electroless coated steel revealed their corrosion resistance ability in 3.5 % simulated NaCl solution. The corrosion test result was generated from the extrapolation of the polarization curve shown in Table 3 that the Ni-P-15MnO 2 coated sample posses the maximum polarization resistance of 113.93 Ω and the lowest current density of 0.003084 A/cm 2 . This could be attributed to the adhesiveness, nature and chemical stability of the passive film generated by Ni-P-15MnO 2 on the surface of steel [19] . Generally, the low current densities of the Ni-PMnO 2 samples are indication that addition of MnO 2 into the matrix of Ni-P offered more defence against the penetration of chloride ion at the active site of the steel. The barrier formed by the coating reduces the cathodic evolution and metal dissolution reactions at the anodic site of the steel [20, 21] . Generally the presence of Ni-P and Ni-P-MnO 2 in the steel matrix limits the concentration of chloride ion. This consequently lowers the density of current in the charge transfer controlled and mixed potential region. The degree of charge transfer at the metal and liquid interface depends on the utilised potential and the mass of reacting species. The degree of the charge transfer effect at the interface depends not solely on the employed potential but also on the concentration of reacting species predominant at the metal surface [22] . The closed value of Ecorr confirms the mixed inhibitive nature of the coating [23, 24] . Table 3 : Potentiodynamic polarization data of samples attributed to the formation of hydrogen at the surface of the Ni-P surface [25] . Generally, the porosity of the coated surfaces decreases as the mass concentration of MnO 2 increases. was carried out in accordance with ASTM A-370 [26] . Ni-P coated sample was found to possess the lowest microhardness value of 125kgf/mm 2 . Fig.3 revealed that the value of the microhardness of the samples increases as the mass concentration of MnO 2 increases. The Ni-P-15MnO 2 coated steel exhibit the highest value of 197 kgf/mm 2 which represents a 57.6 % increase in microhardness when compared to the microhardness value of Ni-P coated steel.
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Surface morphologies of coated samples
The improvement in the microhardness value could be traceable to the development of adhesive mechanism by the Ni-P-15MnO 2 coating, strain energy in the boundary of the composited coated steel and bath processing parameters [27] [28] [29] . 
